In 1922 the Bureau of Standards began the study of the action of soils on buried pipe. Reports on this investigation have been issued at intervals of approximately 2 years. The first report described the soils and materials under investigation, and the 1930 reports summarized all data then available. This report deals only with data on specimens removed in 1932. Consideration of these data does not materialty alter the conclusions reached earlier that the character of the soil controls the rates of corrosion of ferrous materials and that in the same soil all of the commonly used ferrous materials corrode at nearly the same rate. Effect of duration of exposure 127 2. Effect of methods of determining rates of corrosion 128 3. Effect of length and diameter of pipe 129 4. Variations in pipe life under apparently similar conditions. _ 130 5. Estimation of rates of corrosion of pipe lines from Bureau data 130 IV. Corrosion at different locations in the same soil series 130 V. Corrosion of non-ferrous metals 134 1. Cast brass and attached nipples 134 2. Copper and copper alloy pipes and rods 135 3. Lead cable sheath 136 4. Parkway cable 137 5. Miscellaneous metals and alloys 138 119
For the soils investigated, the rate of corrosion in a soil of a given series as identified by the United States Department of Agriculture appears to be characteristic of the series and it seems probable that the rate of corrosion in any location in a soil belonging to a known soil series can be predicted when the corrosiveness at one location in that series has been determined, provided the location of the pipe with respect to the soil horizons of the series is taken into account.
Metallic protective coatings show signs of failure, after 8 years in several of the more corrosive soils. Several non-ferrous metals and alloys are more resistant to soil action than the ferrous materials commonly used. In 1922 the Bureau of Standards buried 6 sets of specimens of the more commonly used pipe materials in 47 soils for the purpose of studying the effects of soils on buried pipe systems. Later, the original specimens were supplemented by others buried for special purposes. The original plans for these tests called for the removal of sets of specimens at 2-year intervals, but data secured from some of of the test locations indicated that, on account of the low corrosivity of the soils, a less frequent examination of specimens in some locations would be sufficient. In 1932, therefore, specimens were removed only from the more corrosive soils and from such other locations as special conditions called for. The data therefore are not indicative of the average corrosiveness of all soils. If the present plans for the corrosion work are carried out, the last of the original specimens will be removed from the corrosive soils in 1934 and a complete report on the original undertaking will be prepared as soon thereafter as circumstances permit.
CONTENTS
The form of the present paper and the method of treating the data are similar to those adopted in previous reports.
Since only the 1932 data are here tabulated, the reader must refer to the earlier reports for other information regarding the investigation. In Technologic Paper no. 368 * the nature of the investigation, the soils, and materials are described, and in Research Papers nos. 329 2 and 359 3 the data obtained up to the end of 1930 are summarized.
A study of these papers is quite essential to a correct interpretation of the data since the results of any experiment depend largely on the conditions under which it is conducted. Some of the relations of the data presented in this and earlier reports to the corrosion of pipe lines are discussed briefly in section III of this report.
II. FERROUS MATERIALS REMOVED IN 1932 1. PIPE LINE MATERIALS BURIED IN 1922 (a) RATES OF LOSS OF WEIGHT Specimens of the commonly used pipe materials which had been exposed to the more corrosive soils for 10 years were removed from 21 locations. To the data on these specimens have been added the values for specimens buried about 2 years later in another corrosive soil. Table 1 gives the significance of the identification letters for the various materials. The table also contains information on other i Logan, K. H., Ewing, S. P., and Yeomans, C. D., Bureau of Standards soil-corrosion studies: I. Soils, materials, and results of early observations, B.S.Tech. Papers, vol. 22 (T36S, 5(#), p. 447, 1928. 3 Logan, K. H., and Grodsky, V. A., Soil-corrosion studies, 1930: Rates of corrosion and pitting of bare ferrous specimens, B.SJour. Research, vol. 7 (RP329, 10£), p. 1, July 1931.
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Taylor I Soil-Corrosion Studies, 1932 121 materials to be discussed later. In most cases two specimens of each material were removed at each location. Since the specimens differ in diameter and in the duration of exposure it has been necessary, in order to compare different materials and different soils, to reduce the data to rates of loss of weight and penetration by pitting. Tables 2, 3 , 5, 6, 7:. c deLavaud centrifugal process. deLavaud centrifugal process, only outside exposed to soil. Monocast centrifugal process. Mo-in. copper-aluminum rod.
?i-in. copper pipe.
Specimens buried in 1928 for special tests. Pure open-hearth iron, 2 by 6 by 0.125 in.
S
Copper-bearing steel, 2 by 6 bv 0.0625 in.
Zl
Zinc sheet, 99.5 percent pure, 2 by 6 by 0.0625 in.
Z2
Zinc plate, 99.5 percent pure, 2.0 by 6.0 by 0.25 in. Corrugated zinc sheet, 12 by 12 by 0.027 in.
Z3
P"_ "Standard" zinc sheet, 2 by 6 by 0.0625 in.
L-_ 
CY
To express the rates of loss of weight in table 2, which is comparable with tables 11, 13, 15, and 17 of Kesearch Paper 329, for the rolled and deLavaud materials, the losses of two specimens of the same size from the same location have been averaged. Only one specimen of northern and southern cast iron was removed from each soil. In some locations "C" specimens were not buried until 1924. The data for these specimens are given in table 5. The average for all the specimens from the same soil is given in the right-hand column. This average is the arithmetical average of all the data on loss of weight given in the same line, and does not take account of the differences in areas of specimens. Although it might be considered more logical to weight the data in accordance with the areas exposed this would give undue weight to the data for certain materials which are represented only by large-size specimens. For example, the total area of the deLavaud specimens in some soils is four times that of the pure open-hearth iron specimens and twice that of the other cast-iron specimens.
Although specimens were not removed in 1932 from the least corrosive soils under investigation, it will be observed from the table that the lowest recorded rate of loss of weight is less than one tenth Logan ] Taylor] Soil-Corrosion Studies, 1932 123 of the highest rate. It will be noticed also that except for the 6-inch cast-iron specimens, the rates of loss of weight of the different materials in any one soil are usually of the same order of magnitude. This is best illustrated by the averages at the bottom of the page. The spread of the data which can be attributed to errors and lack of control of conditions is roughly indicated by the differences in rates of loss of 1%-and 3-inch specimens of the same material such as specimens b and B, which were from the same rolling mill. Specimens e and M are both Bessemer steel and should behave similarly.
It will be found that, on the average, the differences in loss of weight of specimens of the same material are of the same order as the differences between materials, so far as the rolled materials are concerned.
The cast specimens seem to be significantly different from the rolled specimens in a number of soils. This difference between types of materials is more marked with respect to penetration, as will be seen in the section on rates of pitting. From the standpoint of service, the rate of loss of weight is not of great importance so far as underground corrosion is concerned, since a pipe which is punctured by corrosion may show less loss of weight than one generally corroded but still serviceable. 15.9 12.8 7.6 6.6 6.2 5.8 6.1 8.7 6.9 7.5 11.9 19.0 13.7 7.5 6.0 7.5 7.0 8.3 6.4 6.5 6.7 3.5 3.3 7.1 12.1 10.7 13.2 13.2 9.7 9.1 11.2 13.5 5.5 5.5 5.7 6.9 6.1 6.4 5.5 6.7 6.4 6.4 6.6 (») 15.3 13. 5 4.7 4.7 5.2 5.9 4.9 6.4 5.0 4.5 6.2 11.2 12.9 6.4 5.3 6.3 5.6 5.6 6.7 6.6 7. Table 3 shows the rates of penetration of the 10-year-old specimens. It is comparable with tables 12, 14, 16, and 18 of Eesearch Paper 329. For 1 %-inch specimens the values for rates of pitting are derived from the average of the single deepest pit on each of 2 specimens. For the 3-inch specimens the average of the 2 deepest pits on each of 2 specimens was taken. For the 6-inch specimens, 4 pits were averaged on each specimen, but there were removed from each soil only 1 "L" and 1 "Z" specimen. An examination of table 3 will make it clear that no one rolled material is outstanding in its resistance to all soils.
Previous reports show that for any one period certain materials have lower rates of penetration in certain soils, but it is difficult to determine whether this apparent superiority is real. For example, in table 3, in soil no. 1, specimen "a" shows a rate of pitting lower than any other material in the same soil. This material showed next to the lowest rate of pitting in the same soil for the 8-year period. For the two preceding periods, however, its rates of pitting in the same soil were higher than the average rate found for the rolled materials.
It is doubtful, therefore, that the performance of this material is significantly different from that of other materials in the soil.
It seems more probable that the character of the test makes it impossible to detect small differences in the behavior of different materials.
In certain cases, however, the differences are of sufficient magnitude 85S] Soil-Corrosion Studies, 1982 125 to be significant. It is probable that any large differences in the behavior of different materials would be clearly evident from the data.
It should be remembered, however, that there are no great differences in the composition of the rolled materials under consideration.
The economic importance of such differences in materials as are now apparent or may appear when additional data have been obtained depends on the conditions under which the material is to be used. For example, if the cost of the pipe in an installation is but a small fraction of the cost of the complete structure, as when a gas or water service is laid under a city pavement, a small increase in the life of the material may justify a very considerable expenditure, especially if the rate of corrosion is high.
There is little doubt that underground corrosion is an electrochemical process and that strains, impurities, and segregation cause potential differences which influence the rate of corrosion, but it must be remembered that when commercial materials are used as received from the rolling mill (except for the removal of grease, shop coating, and dirt) there is a relatively large potential difference between the oxidized surface and the unoxidized metal for any material and that other potential differences are inevitably set up on account of unequalities in the supply of oxygen as the soil shrinks and swells with changes in moisture content. The data indicate that soil conditions control the rate of corrosion of buried ferrous metals. Soil conductivity, soil acidity, moisture, and oxygen supply have been suggested as factors influencing corrosion.
Whether these are the elementary factors or the results of more fundamental causes is not definitely known. An attempt to correlate the corrosion data with the physical and chemical characteristics of the soils is in progress.
SPECIAL CAST PIPE AND FITTINGS (a) CORROSION OF HIGH-SILICON CAST IRON
In addition to specimens of the more commonly used pipe materials, specimens of high-silicon cast iron were also buried. This material is used primarily in connection with the manufacture and use of corrosive chemicals and would not be chosen for the transportation of oil, water, or gas under normal conditions because of its cost and the difficulties in making connections with it. As will be seen from table 4, the rates of loss of weight are relatively very low in all soils. In 1932 as well as on previous occasions, there were a very few specimens showing 1 or 2 deep pits. These pits have been attributed to flaws or the corrosion of segregated areas rather than to the action of soils on the normal metal. At variance with this explanation, however, is the fact that the worst pitting occurred in the same soil both in 1930 and in 1932, and on each occasion both specimens were affected. In another soil a deep pit occurred on 1 specimen in 1930 and on 1 in 1932. [vot.12 2 Average of 2 specimens except as noted.
3 1 specimen only. Companion specimen chipped or broken. 4 1 specimen only. 6 Softened at one or more points. 6 Both specimens chipped and corroded.
(b) PIPE MATERIALS BURIED IN 1924 Two years after the first test was started, it was decided to bury a group of cast materials sponsored by the American Foundrymen's Association. Since attention had been called to the fact that the inside surface of deLavaud cast iron differed somewhat from the outside surface it was decided to bury additional samples of this material with the outside surface only exposed to soil, To determine the effect of the surface layers on the two lands of cast iron, specimens of deLavaud and pit cast iron with machined surfaces were provided for six soils. The results of the 1932 examination of these specimens are given in table 5. The data on the pit cast specimens P may be used as a guide for correlating this table with the tables previously given.
The data are inadequate for determining the relative merits of the materials, but the following indications may be noted. Kemoving the original surface from the deLavaud specimens apparently did not affect the rate of pitting. On the average, the machined pit castiron specimens MC behaved similarly to the unmachined pit cast specimens P, but the pits on the machined specimens were deeper in 4 out of 5 soils. The high-tensile cast iron (V) appears to behave similarly to ordinary cast iron (P).
The cast steel specimens and the malleable iron specimens were in the form of elbows and on account of the double curvature of their surfaces, it was impossible to determine pit depth on these materials with the apparatus at hand. The rates of loss of weight of these materials are about the same as those of the pit cast-iron specimens and visual inspection shows no marked differences in rates of pitting when the elbows are compared with other materials in the same soil.
While there are apparent differences in the rates of corrosion of the cast-steel and malleable-iron specimens, in some soils one appears better, and in other soils the other appears better. It is doubtful whether the differences shown in the table are significant. 3 Specimens partly coated with cement.
3 One specimen only. * Punctured. * C, no pitting; S, slight pitting; P, general pitting; a, specimens about the same as others in the same soil; b, specimens better than others in the same soil; w, specimens worse than others in the same soil.
III. ESTIMATION OF PIPE LIFE IN TERMS OF EXPERI-MENTAL DATA
Since the principal use to which the data in this and similar reports will be put is the estimation of the life of pipe underground, it is important to call attention to the fact that the data here presented are, strictly speaking, directly applicable only to specimens of similar sizes exposed for equal periods to similar soil conditions. In order to make practical applications of the data it is necessary to take into account the differences in the conditions of exposure of the specimens reported on and the pipe line under consideration.
EFFECT OF DURATION OF EXPOSURE
It has been shown in previous reports that the rate of corrosion decreases with the time of exposure in most soils. This is shown in figures 1 to 4 in which the average total depths of the deepest pits on the rolled specimens have been plotted for each period for the soils from which specimens were removed in 1932. The pit depths have been weighted as explained in the discussion of table 3. The curves serve three purposes.
(1) They show the spread of the data and hence indicate their reproducibility.
The significance of this will be dis-23797-33 9 [Vol. 12 cussed a little later. (2) They show that the corrosiveness of soils differs widely.
(3) They show that for most soils the curves bend downward, which indicates that usually the rate of penetration decreases as the period of exposure increases. From this it follows that the life of a pipeline cannot be estimated from data for a single period of exposure such as those in table 3. It is necessary to know also the effect of time on the rate of corrosion, penetration is not the same for all soils.
The change in rate of 2. EFFECT OF THE METHODS OF DETERMINING RATES OF
CORROSION
The value of the rate of corrosion will, of course, depend upon the way in which it is determined. The data given in table 3 as weighted maximum rates of penetration are actually the averages of the depths of from 2 to 8 pits on 2 specimens 6 inches long and from 1 }{ to 6 inches The data used for plotting the curves in figures 1 to 4 are the averages of the depths of 24 pits on a total area of about 5 square feet of pipe surface. Obviously, if the single deepest pit on say a 30-foot length of 10-inch pipe had been taken as the basis for expressing the rate of penetration, a considerably larger value would have been found under the same soil condition. 
EFFECT OF LENGTH AND DIAMETER OF PIPE
In addition to the fact that the maximum depth of pit will probably increase with the area exposed, there are other reasons for expecting that the maximum depth of pit on a pipe line will be somewhat greater The top and bottom of a pipe of large diameter will probably be exposed to different conditions with respect to both soil and moisture, and these differences will result in galvanic potentials and increased corrosion. Galvanic potentials will likewise be created because the pipe line will pass through different soils. The pipe may also be connected to metals which are cathodic to it. The important feature of this observation is not the spread of the values but the fact that under practical field conditions the rate of pitting of a material is Dot an exact or reproducible quantity. It follows that two lengths of the same kind of pipe in the same soil will not last exactly the same time and that two lengths of different kinds of pipe in the same soil may last different times, not because of the superiority of one of the materials but because of accidental and undeterminable circumstances. Citations of isolated instances of longer life of one material as compared with another are not necessarily evidence of the superiority of one of the materials and do not give assurance that the same relation between the materials will be observed wherever they are compared.
ESTIMATION OF RATES OF CORROSION OF PIPE LINES FROM

BUREAU DATA
From the foregoing discussion it will be seen that the Bureau data should not be taken as the exact rates at which working lines will corrode but only as indications of the relative corrosion-resisting properties of the materials tested and the relative corrosiveness of the soils investigated.
It is not possible to reduce the experimental data to rates of corrosion of operating lines by the application of a reduction factor because the conditions under which each pipe line is laid are different.
On the average, the maximum rate of corrosion of a pipe line will be greater than that given in this report, but in a given location the single maximum pit depth may be less because of accidental conditions.
Nevertheless the corrosion data collected may be accepted as a record of what has happened and as at least a suggestion as to what may happen again.
IV. CORROSION AT DIFFERENT LOCATIONS IN THE SAME SOIL SERIES
The investigation originally involved 47 soils, all of which were different.
It is, therefore, impossible to determine from the original test data whether the corrosion observed at a test site is a characteristic of the soil series 4 involved or merely of the locality chosen for the test.
To throw more light on the question several widely different soil types were chosen in 1928 and specimens of pipe were buried at several locations in each of these types. To determine at the same time the relation of soil texture to corrosion, several locations were chosen in the same soil series but where the textures differed. In addition, locations were chosen in which the character of the salts was the same but the amount of the salts differed. Unfortunately, in order to secure different amounts of salts in any one soil series, it was necessary to choose locations differing in texture or drainage and the effect of differences in the amounts of salts may be obscured by the other differences mentioned. * Soils alike in all particulars except texture are said to belong to the same series. If they are alike in texture also they belong to the same type.
^yToA Soil-Corrosion Studies, 1932 131 In attempting to determine whether the rate of corrosion throughout the areas mapped as a single soil type or series is the same or in trying to predict the rate of corrosion at one point in a given soil series from the known rate of corrosion at some other point in the same series, several things must be kept in mind: The rate of corrosion usually decreases with time and this must be considered in comparing corroded pipes of different ages. The texture of the soil as indicated in the names assigned by the Department of Agriculture refers to the uppermost or "A" horizon. The textures of the A, B, and C soil horizons usually are not the same and the acidity of the several horizons may increase or decrease with their distance from the surface.
Consequently the corrosiveness of the different horizons of a soil series may differ. Although within limits each horizon is uniform in its nature throughout a soil type, the thickness of the horizons and their distances from the surface vary because of local conditions. Two pipes may lie in different horizons and therefore may be subject to somewhat different soil conditions either because they have not been laid at the same depths or because at a given depth the horizons are different.
The specimens in any one soil series reported on in tables 6 and 7 were placed at the same depth. In different soil series the depths varied between 2 and 5 feet.
Since consideration of the data of tables 6 and 7 leads to the same general conclusions, the discussion of them will be confined mostly to table 7. This table is in agreement with table 3 in its indication that in a given soil the rates of penetration of the different rolled materials are similar.
To determine whether or not the data show significant differences between the individual soils of a series, the best available criterion is the consistency of the apparent differences with respect to the several materials under observation. Using the Cecil series for illustration because the maximum amount of data is available for this series, one sees that with the exception of soil no. 105 the differences between materials in the same location are of the same order of magnitude as the differences between specimens of the same materials in different types of the series. The data for the other soil series also indicate that corrosion throughout any one series is approximately the same. This, of course, is to be expected if the actual classification of the soils at each location conforms to the definition of soil type and series, provided that the corrosion is controlled by the character of the soil. Tables 6 and 7 indicate that soil characteristics govern the corrosion of ferrous pipes in soils. It is possible, therefore, that the classification of soils which the Department of Agriculture has made for a large part of the United States can be used to obtain an approximate value for their corrosiveness throughout a given soil series if the rate of corrosion at one location in the series has been determined.
The Bureau of Standards is obtaining such data for approximately 50 soil series. The Department of Agriculture has defined about 1,500 different series.
Since the rate of corrosion is affected by local soil conditions and by factors independent of the soil, only approximate values for rates of corrosion can be hoped for and it is probable that, since this is all that is expected, many soil series can be grouped together as being similar with respect to corrosivity [Vol. 12 provided that the relationship between corrosion and the chemical and physical properties of soils can be determined. An investigation is now under way to see whether or not this can be done. -"""dor//-7"--"""-"""--"-Cecil fine sandy loam. Sometimes the rules for the designation of a soil series do not take account of all factors affecting the soil. This is the case with respect to the amount of soluble salts which a soil may contain and under some circumstances with respect to the amount and distribution of rainfall. This is illustrated in table 6 by the differences in the rate of loss of weight of specimens in the two soils of the Hanford series.
The more corrosive soil at BakersfieJd, soil no. 13, contains a considerable amount of soluble salts. In view of the difference in the corrosiveness of the two soils in the Hanford series it is evident that in using data from one location to estimate the corrosiveness of a soil of the same series at another location, it is necessary to make sure that there is no difference in soil characteristics and that only one soil horizon is involved.
V. CORROSION OF NON-FERROUS METALS 1. CAST BRASS AND ATTACHED NIPPLES One of the ways suggested for avoiding the losses arising from corrosion when ferrous materials are used is the substitution of a more corrosion-resistant material.
Copper alloys and lead have been employed for this purpose to a limited extent for a long time. The early use of brass was for cocks, valves, and valve parts. In many instances cast brass was connected to other metals and it is possible that the differences of potential arising from the combination may have resulted in accelerated corrosion of one of the materials involved.
To study this problem, specimens of four cast-copper alloys were connected to short lengths of brass, galvanized iron, and lead pipe and buried in all of the 47 test sites in 1924. Specimens of these materials were removed from 22 soils in 1932. Since there appeared to be no significant difference in the behavior of the copper alloys, although they varied considerably in composition, the losses of the 12 castings in each soil have been averaged. The results are given in table 8.
It will be seen that the rate of loss of weight of the caps is very low in all soils except the tidal marsh (soil 43), where it is of the same order of magnitude as that for ferrous materials in moderately corrosive soils.
In two soils the rate of loss of weight of the lead nipples attached to the brass caps was very high and in several other soils it approached the rate for ferrous materials. A large proportion of the lead nipples showed about the same rate of corrosion as that of unattached strips of lead in the same soils, as will be seen by comparing the data with those for the H specimens in table 10. In a few locations the rate of corrosion was considerably greater or less than that of the unattached lead specimens, but it seems probal le that the differences were accidental.
The corroded brass nipples, which are of Muntz metal, were inadequately cleaned.
It was discovered this year that there existed between the bright surface heretofore assumed to be the unaffected material, and the actual unaffected part of the specimen, a dark-red spongy substance which was rather soft and brittle. This substance was found to exist in almost every specimen, regardless of the corrosiveness of the soil from which the specimen was taken. It ranged in amount from a very thin layer to almost the entire thickness of the specimen according to the corrosiveness of the soil. For this reason losses of weight reported in table 8 on these nipples are in 135 most cases much too small. Since Muntz metal unconnected with anything else has shown much the same deterioration in some soils it is doubtful that much of the corrosion of the nipples can be attributed to galvanic action between the nipples and the cast caps. Note.-In soils 8, 23, 29, 33, and 39 the brass caps connected to the lead nipples experienced considerably more corrosion than caps attached to brass or iron nipples.
The losses of the galvanized nipples were severe in several soils. As the nipples were threaded at each end after being galvanized and as part of the threads were exposed, some of the corrosion loss is a loss of iron, rather than of zinc. However, in a few soils, much, if not all, of the zinc disappeared and in one location the nipples were so deteriorated that they broke when picked up. Since both iron and zinc corrode badly in this soil, the corrosion is not necessarily to be attributed to the attachment of the nipple to the brass cup.
COPPER AND COPPER-ALLOY PIPES AND RODS
Two years after the cast caps, referred to above, were buried, it was decided to test specimens of copper and brass pipe since, at that time, these materials were being advocated as substitutes for lead in water-service connections in city streets. It was not planned to inspect these specimens in 1932, but local conditions made it advisable [Vol. 12 to remove sets of these specimens from three sites. The data obtained from these specimens are given in table 9. The depth of the pits was insufficient to justify measurement because of the low accuracy of the results obtainable. Dezincification, which weakens the materials, was evident on most of the alloy specimens. Specimens A, B, and Me, all of which contain approximately 40 percent of zinc, show the highest rates of loss.
LEAD CABLE SHEATH
Lead is frequently used underground for water services and sometimes lead-sheathed cables are placed in direct contact with the soil, although it is more common practice to draw the cables into ducts.
Specimens of two kinds of lead obtained by flattening sections of cable sheath were buried in a considerable number of soils in 1922 and in other soils 2 years later. Table 10 shows the rates of corrosion found for the specimens removed in 1932. It will be noted from table 10 that the rates of loss of weight are considerably lower than for ferrous metals.
The rate of penetration is also lower and in most soils it is negligible.
In soil no. 1, the specimen of lead containing approximately 1 percent of antimony was punctured in several places as was the corresponding specimen removed in 1930. Since specimens in no other soil have been corroded at nearly the same rate, it appears that the pitting was the result of some peculiarity of the soil rather than of impurities in the metal. Although specimens were not punctured in any soil except soil no. 1, deep pits have been observed in specimens from several sites and it must be concluded that lead is attacked by some soils.
While table 10 and similar data reported in earlier papers apparently indicate somewhat higher rates of corrosion of specimens containing 1 percent of antimony, similar tests conducted on this material and on commercial lead by the Bell Telephone laboratories show no significant difference in the rates of corrosion of the two materials. Some of the Bell Telephone laboratory specimens were buried in the trenches used for the Bureau of Standards tests. Their specimens were much smaller, but more specimens were placed in each location. 
PARKWAY CABLE
For the transmission of small amounts of power underground, such as the lighting of street lamps, a combination of materials known as " parkway cable " is frequently used. This consists of 1 or more insulated wires surrounded by a lead sheath which is protected by a wraping of fiber impregnated by a bitumen, 2 spiral wrappings of galvanized steel, and an outside wrapping of impregnated fibrous material. Table 11 shows the conditions of the various layers of the specimens removed in 1932. 
MISCELLANEOUS METALS AND ALLOYS
About the time the Bureau of Standards started its study of soil corrosion, the United States Bureau of Mines started an investigation of metals suitable for use in mines. The Bureau of Standards was asked by the Bureau of Mines to bury certain specimens it had collected; and later, to avoid duplication of work, the Bureau of Standards undertook to report the results of its tests of these materials. Table 12 gives the corrosion data on such Bureau of Mines specimens as were removed in 1932. These specimens are described briefly in table 1. As the specimens differed in thickness, comparison of specimens that were punctured is somewhat difficult. The condition of the aluminum specimens Cl, C2, C3 was similar to that of those removed in the earlier periods and indicated the superiority of commercially pure aluminum and aluminum-manganese alloy such as material C2 over the duralumin type of alloys and the unsuitability of the latter for exposure to such conditions without adequate protective measures. There seems to be no significant difference in the behavior of the two varieties of lead N and NN. Although so far as is known to the Bureau of Standards, the two specimens Zl and Z2 differ only in thickness, the thinner specimen Zl corroded less in all soils in which the specimens were buried.
VI. CORROSION OF METALLIC PROTECTIVE COATINGS 1. GALVANIZED PIPE AND SHEET A study of galvanized materials was started in 1924. It was hoped that several questions would be answered by the investigation. The major question, of course, was the action of soils on zinc and zinc iron-alloy. In addition, it was hoped that data could be obtained on the proper weight of zinc coating for different soil conditions. Information was also desired as to whether the nature of the ferrous metal beneath the zinc influenced the rate of corrosion. Perhaps the experiment would have been modified somewhat if the unavoidably wide spread of underground corrosion data had been realized or if the claims of the proponents of some of the galvanized materials had been more modest and less conflicting.
The precision of the data on the performance of galvanized materials underground is influenced not only by the variability of soil conditions, but by the difficulty of applying an exact amount of zinc and the still greater difficulty of distributing that zinc uniformly over the surface of the metal to be coated. If a large sheet of galvanized material is subdivided into sections of the size used in the experiment, a considerable variation in the weight of coating on the several sections may be expected. Consequently the failure of one kind of galvanized material prior to the failure of another kind carrying nominally the same weight of zinc may be due to differences in the actual weights of the coatings rather than to the differences in the base materials.
The uncertainties on this account can only be overcome by using a large number of specimens and neglecting small apparent differences. Table 13 gives the data on the pipe and sheet buried in all soils.
The nominal weight of all coatings was 2 ounces per square foot, but the actual weight of the coatings departed considerably from this value. It will be seen that the rates of loss of weight and penetration are considerably less than the corresponding losses of the ferrous specimens, which indicates that zinc is more resistant to soil action than iron. Although the 3 varieties of base materials were selected in order to determine whether one was preferable to another for galvanizing purposes, the table answers the question only in a negative way. So far as can be determined from the data there is no significant difference in the corrosion resisting properties of the three kinds of specimens. Such differences as are apparent can be accounted for by variations in soil conditions or in the weight of the coatings. If In the last three columns are given data on specimens of materials which were not galvanized in order that the effects of the zinc may be seen more readily.
LEAD-COATED PIPE
Since lead corrodes more slowly than iron under most soil conditions, it was thought that lead-coated pipe might be satisfactory for underground use. Specimens of lead-coated pipe were buried at some test sites in 1922 and at others in 1924. Data on specimens of this kind removed in 1932 are given in table 15. The thickness of the coating is about 0.002 of an inch and as might be anticipated from a study of the data on the lead cable sheaths, the coating was punctured in a large number of the soils. If the depths of pits on the lead-coated specimens are compared with the depths of the pits on uncoated steel pipe in the same soils for the same periods of exposure, it will be found that in some soils the pitting on the coated specimens is the deeper and in other soils the shallower. The differences in the rate of pitting between the coated and bare pipe are not great and may be attributed to accidental conditions. There is little definite evidence indicating that the pitting was accelerated by the difference of potential between iron and lead. 
CALORIZED PIPE
Specimens of calorized steel pipe prepared by two processes were buried in seven soils in 1924. Table 16 gives the results of the examination of the calorized specimens removed in 1932. The data indicate that the treatment of the specimens reduced the rates of corrosion materially but did not afford complete protection against soil action.
It should be noted that all of the soils from which calorized specimens were removed are above the average in corrosiveness with respect to ferrous materials.
SHERARDIZED AND LEAD-COATED BOLTS
At the request of the corrosion committee of the American Foundrymen's Association, which was interested in bolts for pipe flanges and fittings used underground, specimens of sherardized, lead-coated, and wrought-iron bolts and nuts were buried in six corrosive soils. Table 17 shows the rates of loss of weight of the specimens removed in 1932.
Both treatments of the bolts increased their resistance to corrosion.
It is doubtful whether the differences between the rates of loss of weight for the sherardized and lead-coated bolts are significant. The data are in substantial agreement with those presented in earlier reports and support the conclusions already reached. There are indications that the rate of corrosion decreases with time in most soils because of more stable trench conditions or the formation of corrosion products.
The rate of decrease in general diminishes with time, indicating that a fixed rate of corrosion may ultimately be reached.
On account of unavoidable variations in soils of the same type, in metals even of the same kind, and in methods of construction, exact rates of corrosion cannot be predicted, but approximate rates of corrosion can be given for specified metals and soil conditions. Differences in the rate of penetration of different pipe-line materials by soil action in the same soil are much smaller than differences in the rate of penetration of the same material in different soils. The type of soil rather than the variet} 7 of ferrous material is usually the controlling factor with respect to corrosion. In certain soils, however, one type of material may corrode much more rapidly than some other material and for this reason the soil to which it is to be exposed should be considered in selecting material for a pipe line.
The maximum rate of corrosion on a pipe line may be greater than the rate given in this report for the same material and soil because of the greater exposed area and local adverse conditions. Lower rates of corrosion over the same period of exposure are not to be expected.
Additional correlations between rates of corrosion and soil types should make the soil survey maps and reports of the United States Department of Agriculture of great value in preliminary estimations of soil corrosivity in territories where new lines are to be laid.
Copper, and alloys high in copper, corrode less rapidly than most ferrous materials in the soils investigated.
A zinc coating weighing 1 ounce per square foot of exposed surface should extend the life of the coated material at least 6 years in very corrosive soils and much longer under more favorable conditions. This report is the joint product of nearly all of the members of the Although each step in the determination of the data has been taken independently by two persons and considerable care has been exercised in the transfer of data from one stage of production to the next, errors have crept into all of the reports on the underground-corrosion investigation. None of the errors so far discovered affect the general conclusions which have been reached and most of them are within the limits of the errors of the experiments. There are a few, however, which interfere somewhat with the comparison of data from year to year or with the comparison of materials in certain soils.
